People have an inherent tenacity to throng coastal regions in pursuit of better living conditions. As such the brisk dynamism of land use/land cover activities in a coastal region becomes obvious. The former keeps changing rapidly due to burgeoning population. A digital change detection analysis is performed with the help of Geographic Information System (GIS) on the Remote Sensing data spanning over last 20 years, complemented by in-situ data and ground truth information. 
Introduction
Optical remote sensing data of the earth surface can be analyzed to generate thematic information about general land use/land cover [1] . Pixel-by-pixel basis multi-spectral image classification is one of the techniques generally used for information extraction [2] . Before the process starts rolling it is mandatory to collect multi-spectral satellite imagery of a user defined geographical area, to be followed by good geometric registration of the images. The cloud-free recent satellite images are the best option in this case. There are five (5) basic steps to be followed to acquire land use/land cover information, namely identify the nature of the problem statement and planning, collection of proper data sets, information extraction/analysis, quality validation of the classification output and generation of final product/report ( Table 1) .
High-altitude orbital remote sensor data are very useful for land use/land cover classification system [3] . The result of classification of the satellite data should meet some significant criteria for its acceptance by the third party/user. Those criteria are: 1) classification accuracy should be more than 85 percent, 2) accuracy of the individual land use/land cover categories must be approximately equal, 3) repetitive results' synchronisation from one interpreter to another and one time to another is to be ensured, 4) larger areas must be applicable for classification, 5) the classification must permit vegetation and other types of land cover as surroundings features, 6) temporal resolution and time series data should be suitable for the classification, 7) selection of subcategories can be identified from ground truth collection, 8) aggregation of subcategories must be possible, 9) comparison with future land use/land cover should be considerable, and 10) multiple uses of land should be documented if possible.
Land use/land cover mapping is very significant for resource management and planning programs of any area. Natural vegetations grow according to seasonal and annual phenological cycle. In order to capture such nuances, analyses of multi-seasonal/multi temporal satellite data are essential. As one of the historical pillars of human survival, it has become an inherent human nature to migrate towards the urban and city area in quest of financial might. It is important to understand long-term phenological cycle of urban phenomena. Coastal area is one of the most important regions where population pressure increases rapidly due to salubrious weather (maritime comfort) and other financial/industrial activities. It is necessary to monitor changes of land use/land cover emanating from demographic pressure in coastal regions, like decrease of wetlands and adjacent important ecological niche (e.g. mangrove), and waste loads as a result of competition to occupy limited space for human occupancy, industrial infrastructure/resources and all other wharf-related activities. Land use/land cover map establishes the baseline from which monitoring activities (change detection) can be performed. Land cover change is a direct measure loss or gain of natural habitat [4] . Change detection studies for environmental, urban, or other applications are normally carried out using medium resolution data sets like Landsat 5/7, TM/ETM+. Information on land use and land cover change detection studies can be used by planners as one of the essential parameters in development of multi-criteria decision support system, e.g., to assess urban growth, to determine changes of natural Table 1 . General steps of thematic information extraction from remotely sensed data.
Step Activities Details 
Materials and Study Area
The Landsat 5 and 8 are two satellite missions jointly operated by the United States Geological Survey (USGS) and the national aeronautics and space administration (NASA). The sensor on board Landsat 5 is the thematic mapper (TM) and for Landsat-8 it is Operational Land Imager (OLI). Enhanced sensor instrumentations in Landsat 5 and 8 are designed to monitor medium-scale features on the Earth's surface. Optical bands (Band 1 to 5 for TM and 1 to 7 for OLI) were used to find out the land use/land cover classes in the study area. Two sets of data (1992 and 2013/2014) were used with the spatial resolution of 30 m to find out the changes of coastal settlement in three different township areas. The radiometric resolution of TM data is 8 bit and 12 bit for OLI sensor. Details about data source, location and date of data collection are given in Table 2 .
The present study was carried out in three coastal township area, namely Alotau, Lae and Port Moresby. The capital city of Milne Bay Province, Alotau is located in the northern shore of Milne Bay in the south-east corner of Papua New Guinea (10˚19'S, 150˚26'E). Second largest city Lae, the capital city of Morobe province is situated close to the mouth of Markham River (6˚44'S, 147˚00'E). It is also called the industrial city and also is the largest cargo port of Papua New Guinea. Port Moresby is positioned on the shore of the Gulf of Papua (9˚30'49'S, 147˚13'7.7'E). It is the capital and also the largest city of Papua New Guinea. The city is famous for trade and industrial hub of the country. The city is called as National Capital District being surrounded by Central Province.
Study Methods
Large area land use/land cover mapping using remotely sensed data needs careful planning of various activities. The following activities are particularly relevant to successful transformation of remotely sensed data into land use categories.
The selection of proper satellite image and change detection algorithm is important [5] . Change detection techniques can detect "from-to" information in the tabular form. The method followed in this study is "post classification comparison change detection". It is a quantitative method of change detection. It is essential to perform rectification (georeferencing) and classification of satellite data, so that pixel-by-pixel comparison could be carried out to generate final result. So the accurate image rectification and classification of individual images are very important for post classification comparison of change detection output layers [6] .
The methodology for preparation of land use/land cover data set of the study area was performed in four parts, as 1) pre-field study, 2) laboratory work, 3) field observation and verification and 4) post-field laboratory work. Pre-field study comprised study of the background history of the research area viz. Alotau, Lae and Port Moresby, study of the attributes contributing to the development of the existing physical environment, study of the land use/land cover, collection of remote sensing and collateral data of the study area, and collection of ground control points (GCPs) for rectification. Laboratory work included geo-referencing, sub-setting, creation-of masks taking the remote sensing and collateral data. Field observation embraced ground truth collection, identification of different feature in different points and their spectral signature. Post-field laboratory work consisted of digital classification, post classification verification, modification of the classification using ground truth, recoding, generation of error matrix for accuracy assessment, statistics generation according to estimated cell size for final data set in ASCII format and finally the thematic map generation. Process of rectification involves geo-referencing that is assigning map co-ordinates to the satellite image. This is achieved by collecting ground control points from both the raw data (satellite) and the reference map (rectified already). The transformation process is carried out by estimating a suitable transformation relation between a set of points (GCPs) on the image as well as on a map (reference). At first single map rectification for all three locations were performed using the Universal Transverse Mercator (UTM) projection system and WGS 84 datum with a RMS error range from 0.02 to 0.03. All the reference maps were rectified by this process. Then the double image (map to image) rectification was performed for all six satellite imagery (two images for each study location: 1992 and 2013/14) using the UTM projection system and WGS 84 datum with RMS error range from 0.09 to 0.1. The study area was extracted by sub-setting using area of interest (AOI) layer in Erdas imagine software. Actual geographical extension of study locations (rectangle shaped area) are shown in Table 3 .
All the desired classes of interest were selected and defined to classify all sets of satellite image successfully [7] . Different classification schemes were developed that could readily incorporate land use/land cover data obtained by remotely sensed data. For the present study two sets of Landsat data were used to generate land use/land cover map of the study area. Each sensor has unique spectral band arrangement as described in Table  4 .
Training sites selection is mandatory to perform a supervised classification to identify land use/land cover categories. After collection of training data combination of bands are normally ranked according to their potential ability to discriminate one class from others using multiple bands for both sensors. Statistical measures such as univariate and variance-covariance matrix are very much useful to solve the above issue. Univariate and variance-covariance matrix were generated from training data sets for all bands as shown in Table 5 . In the overall consideration Standard false color bands 5, 4 and 3 are selected to carry out the classification [8] .
Land use and land cover maps were generated for Alotau, Lae and Port Moresby based on the supervised classification using a maximum likelihood algorithm [9] in ERDAS Imagine and finally overlaid in ArcGIS to identify the major changes that had occurred during 1992 to 2013/14.
Result and Discussion
Different dominant land use/land cover types were selected for the classification for Alotau, Lae and Port Moresby region. They were deep sea water, shallow sea water, river water, dense vegetation, low dense vegetation, mangrove, agriculture/plantation, shrub land, open fallow or degraded land and urban and built-up area. Tables  6-8 In order to assess classification accuracy, an error matrix [10] was derived that represented a square array of numbers laid out in rows and columns. Tables 9-14 show details accuracy results of the classification. Stratified random sampling was implemented for accuracy assessment using 50 sample points for each study location. Two different measures were derived from the error matrix, namely user's and producer's accuracy [11] , [12] . The overall classification accuracy of Alotau, Lae and Port Moresby region are 90.00%, 86.00%, 88.00% for 1992 classifications and 94.00%, 92.00%, 92.00% for 2014 respectively. A Kappa coefficient is usually used for judging of map accuracy [13] , [14] . The Kappa statistics are derived as 0.8873, 0.8397, 0.8873 for 1992 and 0.9324, 0.9071, 0.9096 for 2014 respectively.
Classified data of 1992 and 2014 were compared on a pixel-by-pixel basis using a change detection matrix (Tables 15-17 ). Each pixel was specified whether it had changed to any other class or had remained unchanged. 
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